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We propose a lookup table method to derive vertical distributions of aerosol optical parameters in the 
troposphere from two-wavelength observations using a Mie-scattering lidar. The method is characterized by the 
capability of treating generalized aerosol size distributions, as well as by rapid convergence of the iteration 
procedure. The methodology and numerical simulation are described. 
1. Introduction 
Mie-scattering lidars provide extinction profiles of atmospheric aerosols. Inversion of lidar signals is commonly 
accomplished by means of the Fernald method [I], in which a linear relationship is assumed between the aerosol 
extinction and backscattering coefficients (S1 parameter). The uncertainty of this parameter often results in a 
significant e汀orin the retrieval. Recently we have shown [2] that comparison of the fouトwavelengthlidar 
profiles with those predicted by a lookup table (LUT) makes it possible to determine the vertical profiles of not 
only the extinction coefficients, but S1 parameters, complex re仕activeindex、andsize distribution. The practical 
application of this LUT method, however, has turned out to be difficult because of the considerable computation 
time and the incomprehensiveness of the LUT. In this paper, we propose a revised version of the LUT method to 
address these problems. 
2. Theory 
2.1 Construction of LUT 
A LUT is constructed on the basis of the Mie-scattering theory, assuming that aerosol pa目iclesare spherical. In 
this revised algorithm, the aerosol size distribution is described as a sum of fine and coarse modes. The 
lognormal distribution function is defined as 
｛印刷（r) N(f,c) J (In r IR山） ) 2 I 
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where r isthe pa此icleradius, R the mean radius, N the integral number concentration, and σits width. Subscripts 
/ and c refer to the fine and coarse mode parame臼rs,respectively. In the present simulation, we put R(f) = 0.055 
μm and a(f)二 2.1,and R(c) = 0.49 μm and D(c) = 2.15. The complex re合activeindex (m -ki) is varied between 
1.35 and 1.65 for the real pa口（m),and between 0.0 and 0.03 for the imaginary part (k). For simplicity, we 
neglect the wavelength dependence of m and k. 
The aerosol extinction coefficientα1 (f, c) and the backscattering coefficientβ1 (f, c) are calculated for each 
wavelength (532 and 1064 nm) using the assumed size distribution and complex re合activeindex. In this 
calculation N(f) and N(c) in eq.(1）訂eassumed unity, and by combining contributions合omthe two modes, we 
obtain 
"AT (j)ム λT (c) αI= N(f)αiv,+ N(c）α1 
βI= N(j)βI (j) + N(c）βI (c). (2) 
Figure I shows the wavelength dependence of a1 for various values of the real part (m). In this case, the 
imaginary part is fixed at k二 0.02.It is seen合omFig. I出atfor fine paはicles,both αl and p1 decrease with the 
wavelength λ，whereas for coarse particles, they increase with λThis is a general tendency observed for any 
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value of k between 0.0 and 0.03. 
In the following, we denote the extinction and backscattering coefficients as a1 if. c)(l, m, k) and β1 (f.c) (l, m, k), 
respectively. (l =I for 4 =532 nm and l二2for 4 =1064 nm) 
2.2 Inversion of lidar data 
The altitude z is considered in a discrete way asろ（j = I, 2, .. , J ),with ZJ being the far-end boundary. The 
initial value p1 (z1, l ) is taken to be O where the atmosphere is considered to be aerosol－合e.
The two-wavelength lidar data are inverted for a small altitude range between号and与1・Withinthis range, the 
form of the size distribution and the complex re合activeindex are assumed to be constant. In this analysis, the 
real part m takes a constant value in the column. We start our analysis by choosing an element k and calculate the 
theoretical ratio of signal intensities at zj and Zj+I: 
P(z什i,l)=z／（β1Cz1+1,l）＋ β2Cz1+1,l））叫［－ 2企r(z，／）ー 2α2U)(z1+1-z1)]• (3) 
P(z1,l) z／（β1(z1,l）＋ β2(z1,/)) J 
where subscript 2 refer to the molecular parameters and Aτ（z; , l ) is described as 
A利zj,l)＝（点（z介iJ)S1 (z州／）＋β1(zj,l)S1(z1,l))(zj+I-z)/2 (4) 
Here S1 is出eextinction-to・backscatteringratio (S1二α1／β1).In a first trial, we assume S1 = 50 sr, since S1 is 
unknown. The value p1 (zj, l ) is to be determined by comparing出istheoretical signal with the observed signal. 
For that pu中ose,we define an e汀orvector Err as the difference between the calculated ratio and the observed 
ratio of the signal intensities atろandろ＋1:
Err＝竺ふ0)_＿ιs(z川／） . (5) 
P(z1,/) P,,b/z1,/) 
The bisection method is applied to find the minimum value of 1£rl by varyingβ1（与 l): the resulting values for 
出etwo wavelengths are then denotedぉ β1（号，l)( l =1, 2). 
The next s臼pis to determine the ratio of N(f) and N(c) that is compatible with this set of fi(みl). We define an 
e汀orvector b; as 
β1 (z j,l) N' p1 <!) (1,m,k)+(l-N’）βI (c) (1, m, k) 
8, (m,k)=ln -ln ・
1β1 (zj,2) N' p1Ul (2,m,k)+(l-N’）βt>c2,m,k) 
(6) 
Here N' is the ratio of N(f) and N(f) + N(c) (N’＝ N(f) /(N(f) + N(c)). Again, the best value of N' is determined by 
applying the bisection method in which the minimum value of lb;(m, k)I is sought. The difference in the wave-
length dependence between the fine and coarse modes (Fig. 1) ensures the possibility of finding an appropriate 
value of N’in this process. Using the value of N’determined in this way, S1 parameters are calculated as: 
帆，l)=N’α！（~）（川
I N’β1 u > (/, m, k) + (1-N’）βi'り（／，m,k)
The value of S1（ろ， l) isfed back to eqs. (3-4), and the process is iterated until changes in the resulting 
parameters become sufficiently small. 
Afterぬat,the optical thickness between Zj and与 lis calculated合omthe derived parametersβ1（ろ， l)and Si(ち，
l) using eq. (4). Then we define an e汀orvector 8i_ as 
（企t'(z1,1) N'a?¥1,m,k) +(1-N’）αt>(l,m,k) f 
81 (m,k)= I In－一一一一一In I 
L l ゐr(zi,2) N'a/n(2,m,k)+(1-N＇）αt¥2,m,k)) 
(8) 
The same procedure is repeated for each value of the imaginary part k. The relevant aerosol parameters are 
determined合omthe condition that 8i e油ibitsa minimum value. 
3. Simulations 
For the purpose of the testing the performance of the revised LUT method, two kinds of simulations are 
caπied out. To test the performance, we prepare the vertical distributions of the number density for each mode as 
shown in Fig 2 (a) and Fig.2 (b), and calculate extinction coefficients (Fig2(c) for Aニ532nm and Fig2( d) for λ 
. =I 064 nm), backscattering coefficients, and S1 parameters using the Mie theory, assuming that the real part is 
fixed at 1.50 and the imaginary part varies in a range of 0.005 (upper troposphere) to 0.015 (lower troposphere). 
After that, theoretical lidar signals are calculated. 
The revised LUT method is applied to the prepared signals, and we obtains the results as illustrated in Fig. 3: 
(a) and (b) show the number densities of fine and coarse mode particles, and (c) and (d) the extinction 
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coefficients at 532 nm and 1064 nm, respectively. Thick line shows the input data, and other five lines the 
retrieval results by varying the real part in a range of 1.40 to 1.60. The difference of the upper仕opospherebetween 
the original and the retrieval parameters is the reason why the backscattering coe任tcientat ZJ is assumed to be 0. 
Each retrieval parameter in the lower troposphere, however, agrees with the originally assumed parameters 
comparatively in spite of the changing of the real part. Therefore, this result proves that the revised LUT method 
is relatively immune to the assumed real part. 
Figure 4 shows the simulation of the noise effect. Thick line shows the input data of the number 
concentrations. The other four lines show the retrieval results of the revised LUT method using the theoretical 
signals, which are subject to a random eπor with土2%，土5%，土10%,and土30%,respectively. The region with the 
small number density such as the upper troposphere is largely influenced by noise. On the other hand, the 
di百erenceof the input and retrieval number densities is not so large in the mixed layer with the abundance of the 
aerosol pa口icles.From the results in Fig. 4, one may say that quantitative analyses can be allowed for the data 
with the random e汀orin signal within 10%. 
4. Conclusions 
We have described the principle and simulation of the LUT method used to determine the vertical profiles of 
the aerosol number size distribution and the extinction coefficient only仕omtwかwavelengthlidar observations. 
Compared with the previous version, advantages of the present approach are quicker convergence and the 
capability of treating more generalized size distributions. Further works are in progress in relation to the analysis 
of lidar signals involving cloud effects. 
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Fig. 1 Wavelength dependence of the extinction coefficient for (a) fine and (b) coarse mode particles, and the 
back scattering coefficient for (c) fine and (d) coarse mode particles. In this case, N(f) and Ne) described as 
eq. (1) are assumed to be unity and the imaginary part k isfixed at 0.02. 
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Fig.2 Input data for simulation. Profiles of the number density of the (a) fine and (c) coarse mode particles, and 
the extinction coefficient at (c) 532 nm and (d) 1064 nm, respectively. 
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Fig. 4 Retrieval results of the revised LUT method using the theoretical signals, which are subject to a random 
eπor between 2% to 30%. 
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